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OW temperature sludge can be held to a minimum by following 
these recommendations: 


we Use heavy-duty engine oil. ie Employ best carburetor and air filter mainte- 
nance practices. 


wee Maintain jacket temperature at 160-180°F. 
=e Use the most viscous engine oil consistent 


owe Maintain crankcase oil temperature at ap- with starting requirements and other opera- 
proximately 180 F. tional factors. 


Use oil filter of adequate capacity and re- 


a Keep intake manifold temperature as high ‘ 
place element at frequent intervals. 


cad 
as possible consistent with freedom from 
intake manifold deposits. ee Keep crankcase ventilation system clean, 
in operable condition and as warm as pos- 

ee Change oil as frequently as possible con- sible to alleviate stoppage due to freezing. 
sistent with allowable costs and mainte- 
nance schedules. Oil drains should be made et 
while oil is hot after road operation. 


Refrain from idling engine as much as pos- 
sible particularly during cold wecither. 


Call on a Texaco Automotive Engineer to assist you in improving your fubri- 
cation practices and reducing maintenance costs. Contact the nearest of the more 
than 2300 Texaco distributing plants in the 48 States, or The Texas Company, 
135 East 42nd Street, New York 17, N. Y. 
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Low Temperature Sludge in Automotive 
Gasoline Engines 
Further Studies 


HE problem of sludge in gasoline engines is — actually more severe in some respects than many 


almost as old as the engine itself. Two types of ugh temperature ope erations. 


sludge have been recognized for many years; Laboratory engine tests have been developed to 
simulate low temperature 


have been em] sloyed i 


that associated with high temperature operation and service conditions and 


attendant oxidation of the lubricating oil, and that 
associated with low temperature Operation wherein 


mayonnaise or 


a comprehensive study of 
the low tem per: ature ‘inde p sroblem. Much eof the 
information to be presented 
subsequently has been ob- 
tained from these laboratory 
investigations. The operating 
conditions employed in this 
test procedure will be dis- 
cussed later. 


the so-called 





emulsion type deposit is de- 
veloped. Although such. dif- 
ficulties have prevailed in 
automotive equipment tor 
restrictions im- 
regulations 


HE general subject of low 
temperature sludge in au- 
tomotive gasoline engines was 
discussed in the December 
1944 issue of Lubrication. Nu- 


MANY Vyecars, 


posed by wartime 











along with inadequate mainte- ena ——— a NATURE 

lance per rtave yeen made since that time anc : 

nance personnel, shortage of ae pert AND METHOD OF 
ep slacement parts, heavier it is the purpose of this articte 7 

schedules, and other op- to present the latest develop- FORMATION 


eratioual obstacles have col- 


lectively 





aggravated the 


ments on this subject. 


Deposit Analyses 
It 7s often difficult to deter- 








formation of sludge and _ fo- 
cussed attention on this problem. 

Extensive investigations have been carried out 
toward minimizing engine deposits and oil oxida- 
tion occurring under high temperature operating 
conditions; solution through the use of heavy duty 
oils has been generally satisfactory. Low tempera- 
ture operations have not received this comprehen- 
sive attention and thus many operators have suffered 
sa result of engine deposits from operating condi- 
tions normally considered to be mild. As will be dis- 


cussed later, however, these “mild” conditions are 


F id5 | 


} 
‘ 


; ; 
miine the cause of Nene de- 
analyses alone most service 


operations involve both low and high temperature 


; eres tron their s2nce 
COW ditions, 

Examination of deposits from laboratory engine: 
known to have operated exclusively under low tem 
perature conditions shows that on an oil- free basis 
they are composed primarily of fuel diluent, water 
and free mineral matter (lead compounds from fuel 
combustion, and iron and other metals occasioned 
by engine wear and rusting), along with lesser 
quantities of carbonaceous material and oxidation 
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produc ts. 
Table | 


operat tO. 


An analysis of such deposits is shown in 

alons, with similar analysis from service 
The latter case demonstrates the ditt 
culty of identifying low temperature deposits and 
recommending corrective measures on the basis of 
deposit analysis alone. This is due to the fact that 
most service operations are conducted with high 
temperatures prevailing during some portion of the 
operation, thereby baking existing deposits and sup- 
plementing them with oil oxidation products. 


Used Oil Characteristics 

Used oil low and high 
operation a n exhibits a high neutralization num- 
ber. In the first case oil deterioration is negligible 
and the high neutraliz number is associated 
with the a iD nsolubles originating from the com- 
bustion chamber; in the latter case, the high neu- 
tralization number results oxidation of the 
lubricating oil, 

Extended low temperature operation is reflected 
in unusual characteristics of the used oil which differ 
from those resulting from high temperature opera- 
tion as shown in Table II. In the case of low tem- 
perature operation, it will be noted that the neu- 
tralization number ts relatively high, thus suggest- 
ing that extensive oil oxidation had occurred. How- 
ever, from exhaustive laboratory tests, it 1s known 


from botl tem peratni« 


ion 


1rowl 





ATION November, 


19-45 


that negligible oil deterioration occurs at 


temperatures employed (as evidenced by low pei 


the low 


centage of oil solub le oxidation products) indicating 
that the high neutralization number resulted trom 
material originating from some other source. The 
amount of oil insolubles, consisting of incomplete 
combustion residues, is also high. Atter clarification 
(removal of insolubles) the neutralization number 
is greatly indicating that the material 
responsib le for this high v alue is associated with 
these insolubles. This is further substantiated by the 
very high neutralization number of the insolubles, 
themselves. 


dec rease d, 


In the case of high temperature operation, it will 
be noted that the neutralization number is also high. 
Since the oil soluble oxidation products have a very 
high neutralization number and are present in large 
quantity it is evident that most of the material con- 
tributing to the high neutralization number origi- 
nates from oxidation of the lubricating oil. Removal 
of the oil insolubles, which are present in minor 
quantities, by clarification reduces the neutralization 
euuhes only slightly, it remaining relatively high 
due to the presence of the soluble oxidation products. 

The foregoing demonstrated by 
Figure I, which shows that for low temperature op 
eration, the neutralization number ts associated with 
oil insolubles originating from combustion residues, 


discussion 1S 











TABLE I 
TYPICAL ENGINE DEPOSIT ANALYSES 
Average from Low Tem peraturi Typical Fielu 

Deposit Components (Oil-free basis) Laboratory Engine Tests Sam ple 
DUO: cc ockee eae Ms GAR A oe oT eOe 20.3 14.8 
BIO ess os eh GAA Bak bs bcd oo’ eRe ee Bip ardea 51.5 9.1 
Oxidation Producis, 8.2 34.2 
Free Carbon and C arboni iceous, %¢ =F 21 
Free Mineral Matter, % ................ 16.3 20 
i ee oe ee eee eee chtevsenere 100.0 100.0 

TABLE II 

TYPICAL USED OIL ANALYSES 


Following 


Temperature O peration 


Lou Following High 


Tem perature O pe Valion 


New As After Clari As After Clari 
Oil Draimed fication Drained fication 
Neutralization Number ....... 0.06 L7 [2 5:2 3.9 
ee ay. ae ee 0) 15.8 15.8 0 0 
Oil Insolubles,% ............ 0 2.07 () 1.16 0 
Oil Soluble Oxidation 
Products, % ....... a (0) 0.20 0.20 3.09 3.09 
Neut. No. on Oil insolubles. itr ae 28.8 
Neut. No. on Sol. Ox. Prod. * we 63.2 63.2 


*Quantity of oxidation products insufficient for analysis. 
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while for high temperature operation, it 1s asso 
ciated with oil soluble oxidation products resulting 
from deterioration of the lubricating oil itself. 

Additional information in regard to origin and 
distribution of the neutralizable material causing 
the neutralization number in used oil is shown in 
Table IIT. It ts apparent that in the case of low tem- 
perature operation a majority of the material 1s water 
soluble, indicating it to be of low molecular weight 
and evidently originating from the fuel. With high 
temperature operation, however, the material ts 
largely water insoluble indicating high molecular 
weight with oil oxidation as its source. 

It is significant that the nature of the neutralizable 
materials formed in low temperature operation has 
not been found corrosive to “alloy” bearings while 
in high temperature service, these materials are gen- 
erally corrosive. 


Engine Deposits vs. Oil Insolubles 
The amount of ol insoluble materials produced 
fuel under any 


' 
ating conditions ts approximately ¢ 


° ; 
with a given ret of low lem perature 


oper onstant. The 
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relative amount of lr materials de postted on the 
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dl {he ol cChanve period, depends “Upon (he ability 


DAVIS OY YeNIAML 
oO; the oll to re fain thent in suspension. 

Tt was previously pointed out that with low tem- 
perature Operation, contaminants from the combus- 
tion chamber evidence themselves as insoluble ma- 
terial in the lubricating oil and as deposits on vari- 
ous engine parts. Experience has shown that most 
of the deposits accumulate in the oil pan and valve 
compartments; oil ring and piston skirt deposits are 
small in comparison. The latter, however, are con- 
sidered to be very important since they contribute 
directly to poor oil control, spark plug fouling and 
piston seizure. 

It is not difficult to determine quantitatively de- 
posits present on piston skirts, in oil rings and on 
oil pan and cover plate surfaces. In fact, such deter- 
minations are made on nearly all laboratory engine 
tests. Figure 2 is a plot of results from low tempera- 
ture laboratory engine tests showing the relation- 
ships between oil insolubles and the above men- 
tioned deposits which are normally measured. It 


TABLE III 
DISTRIBUTION OF NEUTRALIZABLE MATERIAL IN USED OIL 


Per cent of Total Neutralizable Material Soluble in: 


Diluent 
Water ee Sie 
Residual Oil® ...... 


Low Temperature High Temperature 


O peration Operation 
edge erring 5 0 
58 17 
37 83 


*Diluent and water-free but containing insolubles and soluble oxidation products. 











LUBRICATION 




























































































_ ee ee & } 
‘ —¢ — 

: ce 
* fF. ei : 
ied A =< \: —— 
Sy | ' 
Naty : “ie > ¥ as | my a 
a pe | 
1 0 20 - ai i 4 : . 
0 ¥ 7 , A MW: * ® iP 
2 : dl Bes ae 
Wt ae oe ~ 
o& | 
t O / 2 J 4 
Q 
ly 
‘ ¢ 

y 
= 
N =, 
S& 2 

y 

9 

ga 





O/L /NSOLUBLES ~ % 


will be noted that as oil insolubles increase engine 
deposits decrease. From the intercepts of these curves 
it appears that when engine deposits become zero, 
so that all contaminants are in the oil, an oil insolu- 
ble content somewhere between 3.9 and 4.8% (aver- 
age 4.3%) would result. Basis this average value 
and a normal oil drain of 4 quarts (3178 grams), an 
average total oil insoluble content of 137 grams is 
determined. As a check on this line of reasoning, 
ten runs were made and deposits carefully deter- 
mined for all engine parts. Average results of these 
tests are shown in Table IV, compared with values 
predicted from Figure 2 as outlined above; the 
agreement is remarkably good. 





November, 1945 








"CLIT 


> 
/ 




















5 ae ae 

« : ‘ 

a 1 ey | | 
EAE eet eae Gar OR: «a . 

: BS wk ot ae 

e { wie ee Soe, 























’ a o oN 

| ETD tne, 
Oo / 2 SF al 
O44 INSOLUVBLES ~ Z% 


—— 





Corrective Measures 


Low temperature sludge can be alleviated by em- 
ploying heavy-duty oils and by altering 


Operatine 
y 


tet Aniques. 


It is evident from the foregoing discussion that 
low temperature sludge is largely the result of con- 
taminating the lubricating oil with extraneous mat- 
ter originating from incomplete combustion of the 
fuel oxidation products. Since the oil itself is not 
oxidized or otherwise altered to any appreciable 
extent, it is not responsible for originating such de- 
posits. It is evident at present that two practical 
means of alleviating the difficulty present them- 


TABLE IV 
DISTRIBUTION OF ENGINE DEPOSITS 


Predicted Average of 
From Figure 2 10 Runs 
og | eer Tee TTS Tee Te eee cee eT L722 1.72 
Re IS 5 kbs oewike wich A ee RKS So ves 54.8* 57.4 
PURGE ett SPCNONS, BONING gos i ewes ceeecseus le2 ee 
ee rr er eee 1.8 Ey, 
Oil Pan and Cover Plate Deposits, grams ................. 31.0 27.8 
Block, Valve Compartment and All Other Parts Deposits, grams 8.2% * 38.3 
Total Engine Deposits + Oil Insolubles, grams ............ 137.0 126.5 


3178 X 1.72 
*Basis 4 quarts (3178 grams) oil drained ——————— 
100 
**By difference. 





[118] 





— 














Fe a a ga 














LUBRICATION 
TABLE V 
COMPARISON OF SERVICE AND LABORATORY TESTS 
Average for Aterave from Lahorator) 
De posit Com, onents (Oll-free Basis) Vehicles Engine Tests 
Diluent, ‘ 25.4 20.3 
Water, 32.4 > | Pe. 
Oxidation Products, 5.4 8.2 
Free Carbon and Carbonaceous, ‘ 9? yy, 
Free Mineral Matter, © 27.6 16.3 
Total % 100.0 100.0 
Average for Vehicles Arerace from 2000-Mil 
Used Ol Analyses (2000-Mile B.asiv) Luhoratory Eneme Tests 
Neutralization Number > , 2 
Dilution, 10.7 17.1 
Oil Insolubles 2.06 1.99 
Oil Soluble Oxidation Products, ‘ 0.15 0.21 
selves, and to obtain best results, both should | ks operated for a long period in service known 
to } 


employed. 

1. Use which are 
keeping contaminants in finely divided suspension 
rather than permitting them to be dep osited on en 
gine parts. 


lubricating oils capable of 


? 


2. Alter operating techniques thereby minimiz- 
ing the formation of these contaminants. 

An extensive program of laboratory engine tests 
covering fuels, lubricating oils and operating vari- 
ables, was conducted to substantiate the concepts 


presented above. 


LABORATORY ENGINE TESTS 
Operating Conditions 
The operating conditions employed in this ac- 
celerated laboratory test were developed to simulate 
in only 40 hours (2000 miles) of engine operation 
the results from a fleet of 35 passenger cars and 


TABLE 
LABORATORY ENGINE 
Ce CREE Cee 
Fuel 
Oil 
Speed, rpm 
Load, BHP 


Jacket Temperature, °F. ....... 
Crankcase Ol Temper. ature, “F. .. 
Intake Manifold ‘Temperature, “Vr. 
Ambient Temperature, © F 
Crankcase Ventilation, cu. ft. air 
Air-luel Ratio 
‘Test Duration, 
Oil Changes 
Oil Filter... 


min. 


hours 


{ 119 


able V com- 
pares the results of engine deposit and used oil 
analyses from this fleet and from the laboratory 
izine tests. It is evident that the results are similar, 
although the laboratory test is more severe. 

The basic test conditions are outlined in Table 
VI: regular grade motor fuel containing the maxi- 
mum permissible amount of tetraethyl lead was 
Constant engine performance is insured 
throughout each series of tests by employing reter- 
ence runs, under the conditions outlined, before and 
after each test run; results of test runs are compared 


» be predominantly low temperature. | 


used. 


with these reference runs. 


Evaluation of Test Results 
Comparisons are accomplished by weighing pis- 
ton skirt, oil ring and pan and cover plate “arom 
id rating those from the test run on the basis of ar 


VI 

TEST CONDITIONS 

sideahn es 1942 Chevrolet 
Regular grade. 
.SAE 20, 95 VI, 
2500 

4 

) 


Maximum TEL 
Straight Mineral 


Sr 


A 


155 

95 

Room (aver. 90° FP.) 
<i 

«aD 

10 (2000 miles) 
. None 

None 


} 
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Piston from 


typical laboratory engine low temperature 
reference run, 


Figure eB) 


assigned value of 100 for the average of the two 
reference runs. For example, assume that piston skirt 
deposits from a test run amount to 0.7 grams and 
the average from preceding and succeeding refer- 
ence runs is 1.4 grams, then the piston deposit rat- 
0.7 
ing for the test run is - x 100 = 50. 
1.4 
In addition to such comparisons, photographs of 
various engine parts are taken for each run. Figures 
3, 5 and 6 show the dirty condition of engine parts 
following a typical reference run, while Figure 4, 
7 and 8 show similar parts following a test run 
demonstrating the vastly improved performance 
which can be obtained by simple operational 
changes. 


Test Results 

Results of investigations to alleviate low tempera- 
ture sludge through modifications in fuel, lubricat- 
ing oil and operating conditions are summarized in 
Table VII. These modifications will be discussed 
separately below and considered with respect to 
their service application. 


Fuel 

Inasmuch as low temperature deposits are asso- 
ciated with incomplete combustion of oxidation 
products originating from the fuel, which are 
thought to form resinous material insoluble in the 
oil, it follows that the fuel employed should have 
some bearing on the formation of such deposits. 
The part played by fuels in this connection 1s cur- 
rently under investigation, With the incomplete 
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information available and the problem still far from 
solution, it is not possible to draw conclusions or 
make practical recommendations at the present time. 


Lubricating Oils 

Heat y-duty oils will reduce « ng 
rome ves pects, however, they do not comprise a 
com plete solution. 

Since lubricating oils of the heavy-duty type pos 
sess the ability to retain insoluble matter in suspen 
sion, they would be expected to show a reduction in 
low temperature sludge formation. The data in 
Table VII indicate that use of these oils, although 
not a complete solution to the problem, results in 
improved performance, particularly in regard to re 
duction of oil ring, oil pan and cover plate deposits. 


) 
Me deposits 


Jacket Temperature 

Operating jacket temperatures in the 160-180°F 
range should be maintained at all times. Where en 
gines are tdled overnight, jacket 
thould also be maintained in this range if possibl 
Better still, operations would be improved by not 
idling at all. 

Tests made under the regular conditions outlined 
in Table VI at jacket temperatures from 95 to 
180°F. demonstrate that increasing jacket tempera 
ture to 120°F. results in considerable improvement, 
further increase to 180°F. results in a still greater 
reduction in engine deposits. 

Further runs were conducted in a cold room at 
0°F. with the engine idled for 40 hours thereby 
simulating the winter practice employed by some 
operators to idle their engines overnight when 


lem PpervalHves 
i 





Figure 4—Piston from laboratory engine test run using improved 
operating conditions, 


. 120 ] 




















RESULTS OF LABORA 








Piston 
Pha Int Skirt 
Lubricating Oil 
Straight Mineral reference 100 
Heavy Dury A 8] 
Heavy Duty (B are 
Jacket Temperature (regular test, 90° F. aver. ambient 
I reierence Oo 
() > 
OS 
Jacket Temperature 00 rpm tdle, O° F. ambient 
df I eferenc Trace 
£) Trace 
OU Tr Ice 
Crank Oil Temperatur 
] I eferenc Oo 
SO ) 
7 Q() 
) gg 
Intak VMianif qT mper 
yo 5 10 
reference 100 
yt} 
() 1 
it 
{ir-Fuel Rat 
Pe ) 
i fe ne 0 
} 74 
Lubricating Oil Vi 
SAI 
reference 
0 
Oil ¢ Period 
1) hh s reference ) 
) 
OT ? tton full flou r 
Non ference 
Case without clement ? 
Complete with ment chan i 
Oil Filter tton waste. by-t 
None reference 0 
No clement changes 8 
Element change at 20 hours 
Crankcase Ventilation 
1 cfm (reterence 00 
ry 1 
reversed flow 
reversed flow 
Diluent and Water Extractor 
None reterence 100 
Extractor with 5 qts./hr. oil flow 
Extractor with qats./hr. oil flow ? 
Improved Operating Conditions 
None ( reference ) Ou 
With conditions changed from those in 
Table VI in following respects 18 
Oil—Heavy Duty (SAE 20) 
Jacket Temperature—160° | 
Crankcase Oil Temp.—180° I 


Intake Manifold Temp.~— | 
Oil Changes—20 Hours 
Oil Filter—Yes 


Oil Filter Element Changes 
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20 hours 





LOW TEMPERATURE SLUDGE TESTS 


Relative Deposit W ezght, % 


Oil Oil Pan and 
Cover Plates 


100 


5 56 


i} 19 


100 
5 66 
35 8 28 


LOO 
Trace 9 
T Me 


100 
250 
SO 


Loo 


10 
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Figure 5—Oil pan, push rod « nd oil f 
stored outdoors Jacket 
from 80 to 160°F. 


mentioned above. Throughout these runs a crank- 


temperature WialS varicd 
I 


with results paralleling those 


case oil temperature of approximately 90° F. was 
observed. In this case, an increase in jacket tem- 
perature to 120° IT’. or above largely eliminated 
the deposits obtained at 80°F. It will be noted that 


this operation produced only pan and cover plate 
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C} ES: o substantially 


pistons and ol rings were 
} 1 ° 
an, apparently due to their low temperature and 


the washing action of the excessive diluent present 


| 
However, even under the most favorable conditions 
; ; ; ; 
investigated considerable dilution and oil contami 
nation occurred and upon subsequent road opera- 


tion these materials would undoubtedly lead to 


further deposit formation. 





engine low temperature reference run, 
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crankcase oil temperature from 


icularly in regard 








oil ring and pan and cover plate deposits. With 
further raising of oil temperature to 225 I’. a gen- 
cral increase in deposits is observed over those 
obtained at 155 and 180°F. This is due to the fact 
that at this oil temperature the deposits are com- 
posed of both high and low temperature materials, 
thereby producing a combined effect resulting in a 
dirtier engine. At 265°F. an analogous situation 








nditions, 
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CXxists excep that in this case low te mperature ma 


terials are minunized with resultant reduction in 
deposits trom those obtained at 225° 9. 
Intake Manifold Temperature 

sing AMANTI ld fem peratHnyre tho ul he Wlali- 
famed at the hichest value Poss hle « fe ih 


i. ym from manifold deposit 

Since engine deposits are associated with poor 
combustion of the fucl, any measures taken to 1m 
prove combustion (such as increasing intake MIix- 
ture temperature) would be expected to improve 
performance Intake mixture temperatures from 70 
to 190° F. were investigated 
Table VII that increasing intake manifold tempera 


and substantial reduction 


It will be obse rved in 


ture results in a consistent 


ATION 





However, car- 
burction cquipment should be maintained in good 
condition, 


through carburetion is not feasible. 


Lubricating Oil Viscosity 
The most viscous lubricating oil consistent with 


farting requirements and other factors should be 
ved, 
Although a wide choice in oil viscosity is not 


always possible due to starting limitations and other 
factors, it was considered desirable to ascertain the 
effect of viscosity on engine deposits. Tests were 
conducted on lubric ating oils ranging from SAE 10 
to 50. The data in Table VII indicate that a con- 
sistent improvement is realized with increased vis- 
cosity. It 1s possible that the more viscous oils may 
contribute to improved performance through im- 


VAPOR TO 
AIR CLEANER 


O/L FROM 
GALLERY 


in the 
to note that at manitold temperatures of 160° | 
and higher, 
the intake manifold. 


engine deposits measured. It is of interest 


carbon-like deposits were observed in 


Air-Fuel Ratio 


practices, 

~ Since air-fucl ratio is known to alter combustion 
it should be expected that changes in air-fuel ratio 
would influence low temperature engine 
Tests were conducted at air-fuel ratios ranging 


y from 
a lean value of 18.2:1 to a rich value of 10.5:1. In 
the case of lean 


deposits 


nixtures, — are generally 


increased over those obtained at normal mixtures, 
possibly due to intermediate peal cirsen products 
with this slower burning mixture and the presence 
of excess air. With rich mixtures engine deposits 
are greatly Since extensive fuel dilution 
occurs with such mixtures the reduction of deposits 
is apparently associated with the washing action of 
the diluent as well as with possible changes in com- 
bustion occasioned by a deficiency of air. 

In actual service rich mixtures are not very prac- 
tical because of fuel economy, while lean mixtures 
lead to detonation and preignition with their at- 
tendant dithculties. It thus appears that 
alleviation of the low temperature sludge problem 


reduced. 


serious 


EXHAUST HEATED 
ALUM/NUM PLATE 
200-220 °F 





O/L RETURN 

7O CRANK CASE 
proved piston-cylinder seal. However, improve- 
ment is primarily result of the ability of the 
heavier oils to hold more contaminants in suspen- 
sion to be drained with the used oil rather tha 
deposited throughout the engine. This characteristic 
is indicated by the following data obtained on the 
used oil from these tests. 


SAE Grade Oil Insolubles, % 


10 0.87 
20 BPG 
50 1.50 
50 2.66 


Oil Change Period 

All efforts should be made to change oil as fre- 
guently as possible consistent u ith allowable costs 
and maintenance schedules. 

Previous discussion pointed out that under low 
temperature conditions negligible oil oxidation 
occurs and contaminants are present largely as oil 
insolubles. If these materials were frequently re- 
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moved, improved performance should result. Ac 
cordingly, tests were conducted varying oil drains 
from the normal 40 hours (2000 miles) to as low 
as 214 hours (125 miles). It is evident from data 
in Table VII that there is a marked reduction in 
engine deposits with more frequent oil changes. 


Oil Filter 

Reduction of engine deposits can be obtained by 
the use of an efficient full flow filter. However, the 
standard by-pass type is effective provided frequent 
element changes are employed. 

Further tests in regard to efficient removal of oil 
contaminants were carried out with a full flow 
filter whereby all of the oil leaving the pump 1s 
passed through the unit before reaching the engine. 
In view of the large capacity of this filter (3 gal- 
lons) the extra oil required was considered by con- 
ducting tests using the filter case alone. The results 
shown in Table VII indicate some improvement in 
performance due to the additional oil and some 
additional improvement with the complete unit. 

Although efficient filtration of the oil greatly re- 
duced engine deposits, full flow filters are generally 
considered to be impractical in service. Accord- 
ingly, tests were made with a regular size filter 
operating on the normal by-pass principle. Results 
indicate that without element change during the 
entire 40-hour period, little if any improvement in 
engine condition results. However, with the ele- 
ment changed at 20 hours, improvement is realized, 
with respect to oil pan and cover plate deposits. 
No reasonable explanation is available to account 
tor the increased piston deposits. 


Crankcase Ventilation 

Every effort should be made to keep the crank- 
case ventilation system clean, in operable condition 
and as warm as possible to alleviate stoppage due 
to freezing. Changes in crankcase ventilation are 
sometimes desirable. However, any alteration in the 
normal arrangement should be undertaken with 
great caution. 

It was previously explained that engine deposits 
are associated with combustion contaminants con- 
sisting of water, fuel diluent and insoluble matter. 
Since some of the diluent and water vapor can be 
removed by crankcase ventilation, tests were con- 
ducted to investigate the effect of such ventilation 
on engine deposits. 

Crankcase ventilation in the laboratory test en- 
gine is normally from the overhead valve compart- 
ment downward with exit from the crankcase 
breather pipe. With normal test conditions, air is 
metered through this system at the rate of 1 cu. 
ft./min. thereby simulating road service. It will be 
observed in Table VII that an increase in crankcase 
ventilation from 1 to 3 cu. ft/min. reduces deposits 
to some extent, on the oil rings and pan and cover 
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plates. In similar tests with the direction of air flow 
reversed, heavy cngine deposits are experienced 

One further pont which is usually not recog 
nized in service operation is the possibility ot 
breather system freezing. Figure 9 shows the con- 
dition of the breather system following one of the 
cold room tests mentioned previously. The system 
in this case was rendered completely inoperative 
due to accumulation of “snow” in the breather 
pipe. Note also the ice formation below the 
breather outlet. 


Diluent and Water Extractor 

Further investigations in regard to water and 
fuel diluent removal were conducted with the lab 
oratory unit shown in Figure 10 designed to remove 
these materials from the crankcase oil during cn 
gine operation, From Table VIL it appears that with 
sufficiently high oil flow some improvement in oil 
pan and cover plate deposits may be obtained. 

Devices of this nature are reported to be bene 
ficial in some operations; their merits should be 
carefully determined for the particular service in- 
volved. 


Improved Operating Conditions 

Marked reduction in engine deposits can be 
realized through employing heavy duty oil, hig/ 
engine temperatures, frequent ou changes 
suitable oil filter with frequent element replace 
ments. 

From the foregoing discussions it is evident that 
low temperature deposits can be alleviated to some 
extent by changes in oil, fuel and various operating 
conditions. As an overall test of some of these cor 
rective measures, a run was made with the standard 
conditions outlined in Table VI modified as indi 
cated in Table VII. The therein 
demonstrate the effectiveness of the alterations in 
vestigated. The engine was substantially clean at 
the conclusion of the run, as evidenced by Figures 
4, and 8. Employment of other aids such as 
increased oil viscosity, and better crankcase venti 
lation are additional possibilities for still further 
deposit reduction. 


CONCLUSION 


Great strides are being made towards overcom 
ing the problem of low temperature sludge not only 
by the petroleum industry but by the engine manu- 
facturers and fleet operators as well. With the 
knowledge that this type of sludge is not caused 
by the engine lubricating oil, engine manufacturers 
are giving careful consideration to the design ot 
their new engines. Fleet operators are accepting th« 
responsibility imposed by the maintenance an 
control of mechanical and operating variables at 
fecting this condition. Through these combine: 
cfforts everyone 1s benefitting. 
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| EXACO Marfak its specifically de- 
signed for lubrication of spring 
shackle bolts, steering mechanisms, 
universal joints, propeller shaft 
bearings and other vital chassis 
parts. It is tough and adhesive— 
cushions parts against road shocks 
and protects them longer with fewer 
applications. 

For wheel bearings, use long-last- 
ing Texaco Marfak Heavy Duty. It 
stays in the bearings despite high 


speeds, heavy loads and extremes of 





temperature. Marfak Heavy Duty 
forms a fluid film inside the bearing 
while retaining its original consis- 
tency at the outer edges—thus seal- 
ing out dirt and moisture, sealing 
itself in, assuring safer braking. No 
seasonal change is required. 
Texaco Lubrication Engineering 
Service is available through more 
than 2300 Texaco distributing plants 
in the 48 States. Contact the nearest 
one, or The Texas Company, 135 
East 42nd Street, New York 17,N.Y. 
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OU get this effective lubrication with 
Texaco D-303 Motor Oil—a great oil 
with the added properties of detergency 
and dispersion to keep piston rings and 
engine parts clean, hold deposit-forming 
materials in suspension until drained. 
That’s why engines lubricated with 
D-303 deliver greater power, give 
longer service life between overhauls, 
use less gas. 
Typical of Texaco quality, too, are 
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TEXACO PRODUCTS . 


Texaco transmission and differential lu- 
bricants—widely used to make rear-end 
and transmission gears run more quietly, 
last longer. 

Texaco Lubrication Engineering Serv- 
ice is available to you through more than 
2300 Texaco distributing plants in the 
48 States. Get in touch with the nearest 
one, or write: 

The Texas Company, 145 East 42nd 
Street, New York 17, N. Y. 


DIVISION OFFICES 
HOUSTON 1, TEX. 


LOS ANGELES 15, CAL. 
MINNEAPOLIS 2, MINN. 
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